INTRODUCTION
Space is usually the main limiting resource for sessile organisms in rocky intertidal substrates (Branch, 1975; Bertness, 1989; Levinton, 2009 ). Crowding and interference among individuals of the same or different species often reduce individual survival, growth or reproductive success (Branch, 1975; Boaventura et al., 2002; Iveša et al., 2010; Quinn et al., 2012) . When competition for space occurs between individuals of different species (i.e., interspecific competition), both species can coexist at a given spatial scale but have segregated distributions at finer scales (Rius & McQuaid, 2006; Levinton, 2009 ). In such a case, the species with a higher rate of growth will be the most successful competitor for space (Levinton, 2009) causing negative impacts on the abundance, growth, and fine scale distribution of the competitively inferior species.
It is often found that competition for space Rev. Mus. Argentino Cienc. Nat., n.s. 18(1): 1-7, 2016 within a species (i.e., intraspecific competition) is much stronger than interspecific competition (Bertness, 1989; Boaventura et al., 2002) . This is generally attributed to the fact that individuals of the same species tend to use spaces in a more similar way than individuals of different species (Firth & Crowe, 2010; Quinn et al., 2012) . Strong evidence in this regard was found for the limpet Patella vulgata Linnaeus, 1758, in Portugal (individual size and weight were more strongly affected by conspecifics than individuals from a second species; Boaventura et al., 2002) . However, competition is a density-dependent process and the relative importance of interspecific and intraspecific effects will ultimately depend on the relative densities at which each species occurs (Boaventura et al., 2002; Rius & McQuaid, 2009; Iveša et al., 2010) . Furthermore, the strength of intraspecific or interspecific effects may not differ between species that are similar in morphology or other traits related to space occupancy and/or use. The aim of this study was to analyze the effect of intra-and interspecific competition in the growth and mortality of the bivalves Brachidontes rodriguezii (d'Orbigny, 1846) and Perumytilus purpuratus (Lamarck, 1819) . Either one or both of these species dominate the sessile invertebrate assemblages in rocky intertidal areas of the Northern Argentinean coast, with B. rodriguezii occurring from 32°10' to 42°58'S (Rios, 2009; Trovant et al., 2013) and P. purpuratus occurring from 2°00'S-77°30'W to 41°8'S-63°10'W (Sánchez & Zaixso, 1995; Prado & Castilla, 2006; Rios, 2009; Trovant et al., 2015) . Both species oc-cur in high densities at the mid intertidal zone -up to 200 000 ind.m −2 of B. rodriguezii and 40 000 ind.m −2 of P. purpuratus- (Penchaszadeh, 1973; Arribas et al., 2013) and are very similar in their biology and morphology (Adami et al., 2013) . Sites occurring along the range where both species coexist (41° to 43° S), provide a good opportunity to evaluate the importance of intra-and interspecific competition in regulating population densities and individual growth. We tested the hypothesis that the interaction among individuals of the same species and/or among individuals of different species generates changes in organism sizes and mortality.
MATERIAL AND METhODS

Study area
The experiment was conducted in the rocky intertidal zone of La Lobería, Río Negro province (41° 09'S-63° 07'W), where both bivalve species coexist (Adami et al., 2004; Liuzzi & López Gappa, 2008) . This site is characterized by a macrotidal regime with high tides average of 4.41 meters, upper intertidal areas where gravel and sand accumulate, and a mid to low intertidal zone occupied by platforms made of consolidated sediments from the Río Negro formation (i.e., fine-to mid-grained sandstone with laminar to cross-bedded stratification and silty mudstones, Kokot et al., 2004) .
Sampling
An experiment was conducted from March 2012 to March 2013 in the mid intertidal zone to test for competition between the two mussel species. The experimental design included treatments combining different densities of the two mussel species, which allowed simultaneously examine intra-and interspecific competition. The experimental mussels were collected from the mid intertidal zone, determined to species level, and measured. Then, they were kept in aerated seawater overnight to allow them to aggregate and regenerate their byssus. The experimental units consisted of plates (10 x 10 cm), where mussels ranging 10-15 mm long were first covered with a 5 mm mesh to keep them firm in the plates until they have attached (Fig. 1) . After 3 and 6 months meshes were loosened to minimize any potential mesh-induced restriction on mussel growth, but were still kept tied to the plates to help main- taining the mussels in place. Treatments are detailed on Table 1 . The number of mussels in each treatment corresponds to the natural average density of mussels in the field, except for treatments with 25 B. rodriguezii, which were added for comparison with natural P. purpuratus densities. Five replicates per treatment were positioned at random across two sites. Twelve months later, replicates were removed and taken to the laboratory where the final size and mortality (estimated from the number of empty articulated mussel shells in the plates) of B. rodriguezii and P. purpuratus were measured for each sampling unit. Three measures of mussel size were taken using a calliper (± 0.01 mm), length (L), height (h) and width (W, Fig. 2 ), since not all measures can necessarily be affected by competition. The mean of these response variables was calculated for mussels in each plate both at the beginning and at the end of the experiment. Competition was identified by lower size increments or increased mortalities of mussels.
Data analysis
Due to the loss of several replicates after 12 months, data was analysed only for one of the two experimental sites. One-way ANOVA was used to analyse size and mortality for B. rodriguezii data (treatments as fixed factor) and a t-Student test was used for P. purpuratus data. The treatment with 150 B. rodriguezii-25 P. purpuratus was eliminated from the analysis (because of loss of several replicates) and only three replicates out of the original five were used. homogeneity of variances was evaluated by Cochran's test, which was not significant in all cases. Due to the large loss of replicates, the statistical power (Tosta, 2013) of the tests (PE: percent statistical power) was calculated for size and mortality of B. rodriguezii and P. purpuratus.
RESULTS
Average length, height and width of
Brachidontes rodriguezii shells did not differ significantly among treatments (Table 2, Fig. 3) .
Perumytilus purpuratus width increments differed significantly between treatments (Table  3 ). The width of P. purpuratus was 19% higher in the 25 B. rodriguezii-25 P. purpuratus treatment than in the 25 P. purpuratus treatment (Fig. 3C ). Differences between treatments in P. purpuratus length increments approached significance (p = 0.06) and the power of the test was low (52.6%), which suggests that lack of significance in this case might be due to low sample size. PE percentages for P. purpuratus (Table 3) were an order of magnitude higher than those of B. rodriguezii (Table 2) , which indicates that probability of incurring in Type II was lower in the analyses Table 1 . Experimental design used to study intraand interspecific competition between mussels Brachidontes rodriguezii and Perumytilus purpuratus. The values in the cells indicate the number of mussels per plate. Natural densities used were 25 and 150 individuals per 100 cm² for P. purpuratus and B. rodriguezii, respectively. Treatment 3 was eliminated from the analysis because of loss of several replicates.
concerning P. purpuratus. Nonetheless, PE was still well below customary acceptable levels (i.e., 80%) for P. purpuratus length and height.
Brachidontes rodriguezii percent mortality did not differ significantly among treatments (ANOVA, MS = 152.13, F 2, 6 = 3.82, p = 0.085, PE = 100 %, Fig 4) . Percent average mortality of P. purpuratus was similar between treatments (t-Student test = -0.004, p = 0.996, PE = 5 %, Fig. 4 ).
DISCUSSION
A high population density may facilitate survival by protecting against physical and biological disturbances, but at the expenses of individual growth rates that would decrease in densitydependent fashions (Bertness, 1989) . here we observed a significant increase in the width of Perumytilus purpuratus when co-occurring with an equal number of individuals of Brachidontes rodriguezii. There also was a non-significant trend toward decreasing B. rodriguezii size with increasing density of conspecifics and when coexisting with P. purpuratus. It seems that growth of P. purpuratus is benefited by the presence of B. rodriguezii. On the southern coast of South Africa the mussel Perna perna increases survival of Mytilus galloprovincialis in the low intertidal, generating protection against wave action (Rius & McQuaid, 2006) . The presence of B. rodriguezii could be ameliorating abiotic conditions or hydrodynamic factors that enhance mussel attachment and growth.
This study was conducted near the Northern limit of distribution of P. purpuratus. In the rocky intertidal zone of La Lobería the natural density of B. rodriguezii adults is higher than P. purpuratus (Arribas et al., 2013) . This difference in mussel densities may be due to environmental variables (e.g., climate, currents), and/or recruitment (Sánchez & Zaixso, 1995; Rius & McQuaid, 2006; Firth & Crowe, 2010) . Climate influences the distribution range of the mussels since B. ro- Fig. 3 . Average increments (mm ± SD) in the dimensions of mussel Brachidontes rodriguezii and Perumytilus purpuratus shells in the different density treatments (25-0, 150-0, 0-25 and 25-25 per 10 x 10 cm plate; see Table 1 ). A) Length increment, B) height increment, C) Width increment. * Significant differences. driguezii is restricted to the warm-temperate biogeographical region (Acha et al., 2004; Balech & Ehrlich, 2008) and P. purpuratus occurs in coldtemperate region (Adami et al., 2013) . Density of mussels also changes with latitude, being P. purpuratus less abundant towards the northern limit of its distribution (Ringuelet et al., 1962; Adami et al., 2013; Arribas et al., 2013; Trovant et al., 2013) . Moreover, competitive interactions might reduce the abundance of species in their geographical distribution limit, since mussel growth and space limitation produce an increase in adult mortality (Boaventura et al., 2002; Rius & McQuaid, 2009) . however, no negative effects of B. rodriguezii on P. purpuratus were observed in mortality or size, while a width increase of the P. purpuratus shells was found in the presence of B. rodriguezii. Therefore, the low population density of P. purpuratus is probably not a result from competition with B. rodriguezii, but perhaps from a low larval supply. Intra-and interspecific competition account for increased mortality with increasing population densities (Bertness, 1989; Boaventura et al., 2002) . In this study, mussel species mortality did not differ significantly among treatments. Statistical power was maximum (100%) when testing for B. rodriguezii mortality, which indicates that the probability of incurring in a false negative (i.e., the probability of not rejecting a null hypothesis that is true) is negligible. This is because variability between replicates was high ( Fig. 4) , particularly in the treatment with 150 B. rodriguezii. The presence of both species would thus not be affecting the survival of the other species, and mortality could have been caused by external factors. Environmental heterogeneity (e.g., higher concentration of algae and/ or sediment) or the clogging of the nets attached to maintain the mussels in the plates could have contributed to variation the mortality of individuals among replicates.
In this study, variations were observed under an interspecific competition experimental design, but we were unable to make comparisons between sites or with the 150 B. rodriguezii-25 P. purpuratus treatment due to loss of replicates. One of the biggest problems when performing field experiments is the inability to control environmental variables that could generate loss of replicates. This often makes samples no longer representative and calculations partial. The degree to which a sample is biased, is the degree to which one can over-or underestimate the actual value of the parameter to be measured (Underwood, 1997) . Accounting for Type II error and the statistical power of the test is very important because it represents the probability of not rejecting the null hypothesis when it is false (Underwood, 1997; Zar, 2010) . In most of our non-significant tests, the statistical power was low, which indicates that our conclusions need to be considered with caution. The only exception was the lack of significant differences in B. rodriguezii mortality across treatments.
CONCLUSION
The results of this study suggest that the presence of B. rodriguezii leads to width increases in P. purpuratus. The population density of both species appears to be primarily regulated by larval supply or local conditions that benefit one species over the other (Boaventura et al., 2002; Fig. 4 . Mean percent mortality (% ± SD) of the mussels Brachidontes rodriguezii and Perumytilus purpuratus in the different individual density treatments (25-25, 25-0, 150-0 and 0-25 per 10 x 10 cm plate; see Table 1 ). Table 3 . Student-t results on the length, height and width of mussel Perumytilus purpuratus after 12 months into the intra-and interspecific competition experiment. PE = percentage of the statistical power of the test. * p< 0.05.
